Members of the liverwort genus Cheilolejeunea, on the basis of chemical data, have been divided into striatane-(I), trifarane-(II) and -lactone-(III) chemotypes. In this paper the sesquiterpenoids occurring in C. ceylanica from Thailand are described and the chemosystematics of Cheilolejeunea species are explored. Species belonging to type I produce striatane-type sesquiterpenoids, which have been found in many species of Lejeuneaceae and thus are considered to be one of the significant chemical markers of this family. However, to the best of our knowledge, the trifarane-type is not detected in any other liverworts. The lactone-type species produce chiroptical -lactones, with a milky odor.
There are no previous reports on the phytochemistry of C. ceylanica. The diethyl ether crude extract was analyzed by thinlayer chromatography (TLC) and gas chromatography-mass spectrometry (GC/MS). On TLC, by developing with n-hexaneethyl acetate (EtOAc) (4:1 v/v), one large spot appeared after spraying with Godin reagent [6e], after heating at 100-105°C. GC/MS showed one major peak, which was identical to that produced by striatene (2). Two minor peaks were identical to those of β-caryophyllene (1) and striatol (3) . Striatene (2), found in C. ceylanica and C. excisula, and striatenic acid (7), isolated from C. serpentina, are striatane-type sesquiterpenoids, which have been found in many species of Lejeuneaceae, for example, On the basis of chemical data, Cheilolejeunea species have been divided into striatane-(I), trifarane-(II) and -lactone-(III) chemotypes (Table 1) . Most compounds from Cheilolejeunea species are sesquiterpenoids. Some, however, elaborate a unique compound which can be used as a chemosystematics marker. For example, serpentiphenol (6) and striatenic acid (7) (3) [present paper] Cheilolejeunea excisula β-Chamigrene (4), β-Caryophyllene, β-Monocyclonerolidol (5), Striatene (2), Striatol (3) [2c]
Cheilolejeunea serpentina
Serpentiphenol (6), Striatenic acid (7) [5b,6d] II Cheilolejeunea trifaria β-Caryophyllene (1), Striatene (2), Striatol (3), Striatenic acid (7) Trifarienol A (10), Trifarienol B (11) Trifarienol C (12), Trifarienol D (13) Trifarienol E (14) [5b,6b] III Cheilolejeunea imbricata Striatene (2) (R)-dodec-2-en-1, 5-olide (15) (R)-tetradec-2-en-1,5-olide (16) [2c,6c]
The skeletal structures of β-monocyclonerolidol (5), found in C. excisula, striatene (2), and striatol (3) are similar to those of α-(8) and β-snyderols (9), microcionin-2 (15), microcionin-3 (16) and microcionin-4 (17) found in marine algae, the sponge Ircina spinosula (Schmidt), and the porostome nudibranch Doriopsilla pelseneeri d'Oliveira [7a,7c-7e,8a] . In C. imbricata from Malaysia, an unidentified sesquiterpene alcohol constituted the major peak, whereas the strong milky-like fragrance of C. imbricata from Japan is due to a mixture of (R)-dodec-2-en-1, 5-olide (18) and (R)tetradec-2-en-1,5-olide (19). From the viewpoint of fragrance chemistry, C. imbricata is a very important species because it produces chiroptical -1actones with a milky odor.
In conclusion, our data show that Cheilolejeunea species have been divided into three chemotypes: striatane-(I), trifarane-(II) and -lactone-(III). Species belonging to type I produce striatane-type sesquiterpenoids, which have been found in many species of Lejeuneaceae and thus are considered to be one of the significant chemical markers of the family. The trifarane-type, however, is not detected in any other liverwort, to our knowledge. The -lactonetype species produce chiroptical -1actones with a milky odor.
Experimental
Plant materials: Cheilolejeunea ceylanica was collected from the Khao Soi Dao wildlife sanctuary in Thailand in April, 2012 and identified by PPS. Dried voucher specimens were deposited in the National Park, Wildlife and Plant Conservation Department (BKF), Thailand.
Extraction:
The plant material (0.05 g.) was purified, air-dried and crushed in a mortar using a pestle to obtain a fine powder, which was extracted with diethyl ether. The green crude extract was filtered through a small column packed with silica gel (240-400 mesh) and the solvent evaporated at ambient temperature. TLC was carried out using Kieselgel 60 F254 plates (Merck) and n-hexaneethyl acetate (EtOAc) (1:1 and 4:1 v/v) as mobile phase. Compounds were detected under UV light and visualized by heating at 100-105°C after having been sprayed with Godin reagent (30% sulfuric acid) [6e]. GC/MS was performed on an Agilent Technologies 6890N gas chromatograph coupled with a mass selective detector (Agilent Technologies 5973) on a HP-5MS capillary (Agilent Technologies 5973) column (30 m x 0.25 µm, 0.25 mm film thickness). Oven temperature was 50°C with a 3 min initial hold, and then to 250°C, with the temperature programmed at 5°/min., and 10 min. at 250°C. Injection temperature was 260°C and helium (30 mL/min) was used as the carrier gas. The detector was operated in electron impact mode (70eV with 3 scans/s and mass range m/z 40-500) at 270°C. The retention indices were calculated relative to C 8 -C 27 n-alkanes. Compounds were identified using a computer supported spectral library [8b], mass spectra of reference compounds, as well as MS data from references [9; http://www.chemweb.com/.] and our own library databases. The identities were confirmed by comparison of retention indices with those of reference compounds and published data.
